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Abstract 
Today population growth, economic prosperity, and urbanization have led to an increase in municipal solid waste 
(MSW). The higher-populated and higher-income countries generate higher amounts of MSW. Not only the MSW 
amount, but the MSW composition can also be diverse in different countries. This study investigates the composition 
of MSW generated in Bangkok compared to other Asian megacities, for example, Beijing, Tokyo, Seoul, Singapore 
and Hong Kong. In addition, the MSW management model integrated with the Waste-to-Energy (WtE) concept will 
be analyzed and compared. With Bangkok as the case study, because of a lack of regulations and public participation, 
there is no MSW separation at the households; hence, the MSW generated contains higher organic waste which 
results in less calorific value of MSW compared to other developed countries. Mixed wet MSW is the main 
shortcoming of WtE development. As Bangkok is the main MSW producer in Thailand, which generates more than 
one-fourth of the domestic MSW, the WtE project was developed in Bangkok as a demonstration plant of WtE. The 
500 ton per day incineration plant coupled with a power generation unit has been constructed for sustainable MSW 
disposal and for energy security in the megacity. 
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1. Introduction 
Municipal solid waste (MSW) is non-hazardous substance generated from routine activities of human 
life. Sources of MSW can be household, industrial, commercial and institutional sectors, markets, yards 
and streets [1]. Recent population growth, economic prosperity, and urbanization have led to an increase 
in municipal solid waste. Considering the MSW generation rate by country, it can be remarked that the 
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higher-income countries generate higher amounts of MSW per capita [2]. Not only the MSW amount, but 
also the MSW composition can be diverse depending on the country’s income. The low-income countries 
produce more organic waste (approximately 64%-wt. of MSW), in contrast to the MSW generated by the 
high-income countries, with less organic waste (28%). These physical compositions are the key drivers 
for the decision making of the MSW disposal technology and waste-to-energy (WtE) technology.  
As Bangkok is the main MSW producer in Thailand, which generates approximately one-fifth of the 
domestic MSW, this study investigates the physical composition of MSW generated in Bangkok 
compared to other Asian megacities, for example, Beijing, Tokyo, Seoul, Singapore, and Hong Kong. In 
addition, the MSW management model integrated with WtE will be analysed and compared.  
2. MSW quantity and its generation rate  
2.1. Current status in Bangkok 
Bangkok is the capital city of Thailand with a population of more than 8 million. As a result of the 
routine activities of the citizens of Bangkok, the MSW generated there in 2013 was 9,930 tons per day, 
which increased on average 0.7% per year for the last 5 years according to the changes in the urban 
lifestyle. The MSW generation rate in Bangkok ranges from 1.04 to 1.18 kg/capita/day. Table 1 shows the 
MSW quantity and its generation rate in Bangkok from 2009 to 2013.  
Table 1. MSW quantity and MSW generation rate in Bangkok 
 2009 2010 2011 2012 2013 
MSW quantity (tons/day) 8,833 8,766 8,898 9,202 9,930 
MSW generation rate (kg/capita/day) 1.05 1.04 1.06 1.10 1.18 
2.2. Comparison with other megacities 
Compared to other Asian megacities, like those mentioned above, it can be found that the MSW 
generation rate in Bangkok lies in the same range of other megacities, as listed in Table 2, since the level 
of city development in terms of economics and living standard is similar. However, the waste generation 
rate has tended to decrease for Seoul, Hong Kong, and Tokyo according to the measures of MSW 
reduction and the measures of MSW recovery in each country [2, 5, 6]. Although Bangkok has launched 
strategies for MSW reduction, e.g. the 3Rs-concept for reducing, reusing, and recycling, the MSW 
generation rate has seemed to increase in the last 5 years because of the community’s apathy in dealing 
with MSW and the lack of involved infrastructures in terms of collection trucks or inappropriate 
technology for treating the separated MSW. 
 
Table 2. Comparison of MSW generation rate [3-7] 
 Bangkok Beijing Hong Kong Seoul  Singapore Tokyo 
MSW generation rate (kg/capita/day) 1.04-1.18 0.85-1.20 1.27-1.36 0.95-1.08 0.96-1.10 0.77-1.03 
3. Physical characterization 
3.1. Physical characterization of the MSW collected in Bangkok 
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The MSW collected in 16 different districts in Bangkok was taken as the samples for the investigation 
of their physical properties using the quartering method [8]. Table 3 shows the minimum, maximum and 
average value of the physical characterization of the MSW collected in Bangkok. 
Table 3. MSW physical characterization in Bangkok  
Composition  Maximum value (%-wt.) Minimum value (%-wt.) Average value (%-wt.) 
Organic waste 56.6 42.4 49.9 
Plastic/foam 36.0 22.7 28.5 
Paper 13.2 5.5 8.5 
Textiles/leather 16.0 0.0 5.2 
Glass/ceramic 10.2 1.3 4.4 
Metal 2.6 0.1 1.4 
Bone & Shell 6.8 0.2 1.9 
Hazardous Waste 1.4 0.0 0.2 
Others 0.00 0.0 49.9 
Total   100 
 
According to Table 3, most of the MSW collected in Bangkok consisted of organic waste and the 
second rank was plastic/foam, followed by paper, textiles/leather. These were considered as combustible 
materials, and there were some minor amounts of non-combustible materials, e.g. glass/ceramics, metal, 
bone/shell, and hazardous waste. 
3.2. Comparison with other megacities 
Table 4 compares the physical characteristic of the MSW collected in Bangkok and other megacities in 
Asia. The physical characterization of the MSW collected in Bangkok and Beijing was similar in terms of 
organics waste, paper, but compared to Seoul, Singapore, and Tokyo, the fraction of organic waste 
collected in Bangkok was high. This resulted from the effective enforcement of waste policies in those 
cities. For example, in Seoul food waste has been banned for landfill since 2005, and several campaigns 
for food waste reduction have been promoted since 2010 [5]. Considering plastic, the MSW collected in 
Tokyo contained the lowest amount, since Tokyo promoted the “my bag campaign” to reduce packaging 
waste in 1991 [9] and recycling of waste plastic in order to reduce waste plastic to zero [10]. 
Table 4. Comparison of MSW physical characterization in Bangkok [4, 5, 7, 11] 
Composition (%-wt.) Bangkok Beijing Hong Kong Seoul  Singapore Tokyo 
Organic waste 49.9 69.3 44.0 23.3 27.2 31.5 
Plastic/foam 28.5 9.8 18.0 34.6 11.5 7.8 
Paper 8.5 10.3 23.0 16.8 21.2 44.5 
Textiles/leather 5.2 9.2 10.0 13.9 24.5 14.0 
Glass/ceramic 4.4 0.8 3.0 
11.4 
1.0 1.2 
Metal 1.4 0.6 2.0 14.6 1.2 
Bone & Shell 1.9 - - - - - 
Hazardous Waste 0.2 - - - - - 
Total 100 100 100 100 100 100 
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4. Waste-to-energy management 
4.1. Waste-to-energy management in Bangkok 
The Bangkok Metropolitan Administration (BMA) has the responsibility of collecting and disposing 
the MSW generated in Bangkok. Currently, 100% of the MSW generated there is collected and, because 
of the limitation of land space within Bangkok, transferred to the landfill sites in the vicinity provinces for 
disposal [12]. Since many megacities have launched policies to recover energy from MSW for a few 
decades, the BMA has realized and has attempted to issue a master plan for the long term for MSW 
management in Bangkok. Focusing on the WtE project, the BMA’s master plan stated that 2 incinerators 
should be established in Bangkok for power production of 35 MWe. The construction of the MSW 
incineration plants was separated into 2 phases: the first phase was a 500 ton per day incineration plant 
which can produce 9 MWe, and the second phase was a 2,000 ton per day incineration plant, which can 
produce at least 26 MWe. Fig. 1. illustrates the process of the first waste-to-energy plant. The plant 
consists of 2 lines in parallel and each line has the capacity of 250 tons per day. Each line consists of the 
following main systems: 
 
x receiving and feeding system for receiving MSW from collection trucks and feeding MSW into the 
incineration system by crane 
x stoker-type incineration system with the capacity of 250 tons per day, in which MSW is burned 
leading to the reduction in mass and volume of MSW 
x steam generation system for producing superheated steam at high temperature and pressure 
x electricity production system, consisting of steam turbine and generator for power production 
x air pollution control system, consisting of semi-dry scrubber and bag filter with activated carbon to 
remove acid gas, dioxin, and particulate from the flue gas before discharging into the atmosphere 
4.2. Comparison to other megacities 
Unlike Tokyo, Seoul, and Singapore, which have used incineration technologies for MSW 
management and energy production for many decades, Bangkok just began the waste-to-energy concept 
in 2012 and a 500 ton per day, as stated above. Table 5 shows the current status of the MSW incinerated, 
landfilled, and recycled in megacities.  
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Fig. 1. Process diagram of the first waste-to-energy plant in Bangkok 
Table 5. Current status of MSW incinerated, landfilled, and recycled in megacities1 [13-17] 
MSW management Bangkok Beijing2 Hong Kong Seoul Singapore3 Tokyo 
Incinerated (%-wt.) 
Incinerated (number of plant) 
- 
14 
4 
2 
- 
- 
20 
35 
41 
5 
79 
21 
Landfilled (%-wt.) 98 94 63 19 3 21 
Recycled (%-wt.) - - 37 61 56 0 
Composted (%-wt.) 2 2 - - - - 
1 Based on the collected MSW after separation, 2 Data in 2004, 3 Data in 2008, 4 Planned to be commissioned at the end of 2015 
 
Compared to other megacities, Bangkok has currently no WtE plant in operation. The MSW 
management status in Bangkok is similar to that in Beijing and Hong Kong, where most of the collected 
MSW is disposed in landfill. Regarding Seoul, Singapore, and Tokyo, only a small part of the MSW 
collected is landfilled. More than 80%-wt. of the MSW is disposed by incineration and the recycling 
process in order to recover energy and materials. Incineration technology is the most commonly used for 
MSW management in Tokyo for heat and power production, while Seoul and Singapore focus on material 
recovery using recycling technology. 
5. Conclusion 
As a megacity, Bangkok is facing the challenge of environmental problems seriously. Municipal solid 
waste is one of the key issues to be solved sustainably. It is seen that the disposal of MSW by landfilling 
is not the optimal solution anymore for Bangkok, and therefore, the waste-to-energy scheme has been 
implemented by using incineration technology with a capacity of 500 tons per day to produce 9 MWe, 
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followed by the second phase of 2,000 tons per day with 26 MWe. However, this accounts for only  
one-fifth of the waste generated in Bangkok. Nevertheless, incineration is not the ultimate solution for the 
treatment of megacity waste. Public participation is required, including reduce, reuse and recycle (3Rs) 
method, together with the separation of garbage at the source for sustainable development. 
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